We evaluate the allowed β − -decay properties of nuclei with Z = 8 − 15 systematically under the framework of the nuclear shell model with the use of the valence space Hamiltonians derived from modern ab intio methods, such as in-medium similarity renormalization group and coupled-cluster theory. For comparison we also show results obtained with fitted interaction derived from the chiral effective field theory and phenomenological USDB interaction. We have performed calculations for O → F, F → Ne, Ne → Na, Na → Mg, Mg → Al, Al → Si, Si → P and P → S transitions. Theoretical results of B(GT ), logf t values and half-lives, are discussed and compared with the available experimental data.
We evaluate the allowed β − -decay properties of nuclei with Z = 8 − 15 systematically under the framework of the nuclear shell model with the use of the valence space Hamiltonians derived from modern ab intio methods, such as in-medium similarity renormalization group and coupled-cluster theory. For comparison we also show results obtained with fitted interaction derived from the chiral effective field theory and phenomenological USDB interaction. We have performed calculations for O → F, F → Ne, Ne → Na, Na → Mg, Mg → Al, Al → Si, Si → P and P → S transitions. Theoretical results of B(GT ), logf t values and half-lives, are discussed and compared with the available experimental data. Due to the recent progress in nuclear theory with the development of modern effective nucleon-nucleon interactions for sd shell nuclei, it is now possible to predict nuclear observables with appropriate accuracy. There are recently many experimental data available for half-lives, logf t values, Gamow-Teller (GT ) strengths, Q values and branching fractions [1] [2] [3] . Thus it is highly desirable to study β − -decay properties using these newly developed interactions. These theoretical and experimental developments also make it possible to evaluate quenching factor of the effective axial-vector coupling strength g A for single beta-decays.
The Gamow-Teller beta-decay transitions of sd-shell nuclei with five or more excess neutrons were predicted by Wildenthal et al in Ref. [4] . More comprehensive study of β-decay properties of sd-shell nuclei for A = 17-39 were reported by Brown and Wildenthal in Ref. [5] . In the middle of the sd shell (A = 28) the effective matrix elements are quenched by an overall factor of 0.76±0.03, while the average quenching factor of 0.897±0.035 was obtained by Wilkinson [6] in a similar analysis for the mass region A = 6 − 21. The Gamow-Teller beta-decay rates for A≤18 nuclei were reported in Ref. [7] . In this work the effective Gamow-Teller operators are deduced for the 0p shell from a least-squares fit to 16 experimental matrix elements. In later years, the shell model calculations for β − -decay properties of neutron-rich Z = 9 − 13 nuclei with N ≥ 18 were reported by Li and Ren in Ref. [8] . The importance of chiral two-body currents in nuclei for the quenching of the Gamow-Teller transitions and neutrinoless double-beta decay is reported for a Fermi-gas model in Ref. [9] . Theoretical calculations for halflives of medium-mass and heavy mass neutron-rich nuclei from QRPA based on the Hartree-Fock Bogoliubov theory or other global models are available in the literature [10] [11] [12] [13] [14] [15] .
The study of nuclei towards drip-line are of great interest and many studies on these nuclei have been observed. After more than twenty years exact location of drip-line for F and Ne recently confirmed in the RIKEN experiment [16] . In this region the ground state of several nuclei were recently confirmed, and more excited states were populated. Study of 'island of inversion' region attracted much attention from recent RIB-facility. The intruder configuration is important for such nuclei for e.g. 28−31 Ne, 30, 31 Na, [31] [32] [33] [34] 36 Mg and 33 Al isotopes. The beta decay half-lives of these nuclei become larger because of the influence of intruder configuration in these nuclei. Due to strong deformation the wave functions of parent and daughter nuclei become different thus it reduces the B(GT ) values.
In the recent years ab initio approaches are most successful to predict nuclear structure properties of unstable nuclei. Thus it is worthwhile to study β − -decay properties using these ab initio approaches. In the present work, our aim is to study β − -decay properties of Z = 8−15 nuclei corresponding to earlier and new experimental data within the framework of nuclear shell model using modern ab initio interactions. The purpose of the present work is to study how well the recent ab initio and newly developed shell-model interactions based on chiral interactions can describe the β-decay properties in sdshell, and also to find how much quenching is necessary for these interactions by comparing with many more experimental data than in Ref. [17] . Effective values of g A for sd model space corresponding to ab initio interactions will be extracted. This work will add more information to earlier works [4] [5] [6] [7] [8] , where shell model results with phenomenological effective interactions were reported. Since the study of β-decay properties based on ab initio meth-ods is very limited, this is the first comprehensive study of β − -decay properties in the sd-shell using ab initio interactions. The ab initio calculations of GT strengths in sd shell region for 13 different nuclear transitions including electron-capture reaction rates for 23 Na(e − , ν) 23 Ne and 25 Mg(e − , ν) 25 Na were reported in Ref. [17] . This paper is organized as follows. In Sec. II, we present details of ab initio interactions and the formalism for the β − -decay properties. In Sec. III, we present theoretical results along with the experimental data. Finally, a summary and conclusions are drawn in Sec. IV.
II. THEORETICAL FORMALISM

A. Ab initio Hamiltonians
To calculate GT , logf t values and half-lives for the sd shell nuclei, we have performed shell-model calculations using two ab initio interactions : in-medium similarity renormalization group (IM-SRG) [18, 19] and coupledcluster effective interactions (CCEI) [20, 21] . Also we have performed calculations with newly fitted interaction derived from the chiral effective field theory [22] . For comparison, we have also performed calculations with the phenomenological universal sd-shell Hamiltonian version B (USDB) effective interaction [23] in addition to the above three interactions. For the diagonalization of matrices we used J-scheme shell-model code NuShellX [24] . For the ab initio and USDB interactions, we have performed calculations in the sd model space.
The USDB starts from single-particle energies and twobody matrix elements, where the effects of three-nucleon interactions are considered to be included implicitly. The ab initio interaction, on the other hand, starts from chiral two-nucleon and three-nucleon interactions, and onebody and two-body terms outside a core are constructed. The effects of the three-nucleon forces are thus more properly treated in the ab initio approach compared with the phenomenological one.
Glazek and Wilson [25] and Wegner [26] developed techniques to diagonalize many-body Hamiltonians in free space known as the similarity renormalization group (SRG). The SRG consists of a continuous unitary transformation, parametrized by the flow parameter s, and splits the Hamiltonian H(s) into diagonal and offdiagonal parts
where H(s = 0) is the initial Hamiltonian. Taking the derivative of the Hamiltonian with respect to s, one gets
where
is the anti-Hermitian generator of the unitary transformation. For an appropriate value of η(s), the off-diagonal part of the Hamiltonian, H od (s), becomes zero as s → ∞. Instead of the free space evolution, in-medium SRG (IM-SRG) has an attractive feature that one can involve 3,...,A-body operators using only two-body mechanism. The starting Hamiltonian H with respect to a finite-density reference state |Φ 0 is given as
Here the normal-ordered strings of creation and annihilation operators obey Φ|{a † i · · ·a j }|Φ =0, and the E 0 , f ij , Γ ijkl , and W ijklmn are the normal-ordered zero-, one-, two-, and three-body terms, respectively (see Ref. [27] [28] [29] [30] for full details). In case of IM-SRG, targeted normal ordering with respect to the nearest closed shell rather than 16 O is adopted to take into account the threenucleon interaction among the valence nucleons.
We use another ab initio approach to study β − -decay properties of nuclei in the sd shell region, named as coupled-cluster effective interactions (CCEI). For this effective interaction, the intrinsic A-dependent Hamiltonian is given as (for IM-SRG interaction also):
. (5) The N N and 3N parts are taken from a next-to-nextto-next-to leading order (N3LO) chiral nucleon-nucleon interaction, and a next-to-next-to leading order (N2LO) chiral three-body interaction, respectively. For both IM-SRG and CCEI, we use Λ NN = 500 MeV for chiral N3LO N N interaction [31, 32] , and Λ 3N = 400 MeV for chiral N2LO 3N interaction [33] , respectively.
In the CCEI to achieve faster model-space convergence, the similarity renormalization group transformation has been used to evolve two-body and three-body forces to the lower momentum scale λ SRG = 2.0 fm −1 (see Ref. [34] for further details). Also, for the coupled-cluster calculations, a Hartree-Fock basis built from thirteen major harmonic-oscillator orbitals with frequency Ω = 20 MeV have been used.
We can expand the Hamiltonian for the suitable modelspace using the valence-cluster expansion [35] given as
Here A is the mass of the nucleus for which we are doing calculations, H AC 0 is the core Hamiltonian, H AC +1 1 is the valence one-body Hamiltonian, and H AC +2 2 is the twobody Hamiltonian. The two-body term is derived from Eq. (6) by using the Okubo-Lee-Suzuki (OLS) similarity transformation [36, 37] . After using this unitary transformation the effective Hamiltonian become non-Hermitian.
For changing the non-Hermitian to Hermitian effective Hamiltonian the metric operator [S † S] = P 2 (1 + ω † ω)P 2 is used, where S is a matrix that diagonalize the Hamiltonians (see Ref. [38] for further details ). After using the metric operator the Hermitian shell-model Hamiltonian is then obtained as [
Using IM-SRG targeted for a particular nucleus [39] and CCEI interactions, the shell model results for spectroscopic factors and electromagnetic properties are reported in Refs. [40, 41] . In case of CCEI, the core is fixed to be 16 O and no target normal ordering is carried out.
Recently, L. Huth et al. [22] derived a shell-model interaction from chiral effective field theory. The valencespace Hamiltonian for sd shell is constructed as a general operators having two low energy constants (LECs) at leading order (LO) and seven new LECs at next-toleading order (NLO) and fitted the LECs of CEFT operators directly to 441 ground-and excited-state energies. For the chiral EFT interaction they have taken the expansion in terms of power of (Q/Λ b ) ν based on Weinberg power counting [42] , where Q is a low-momentum scale or pion mass m π and Λ b ∼ 500 MeV is the chiral-symmetrybreaking scale.
B. Beta-Decay Theory
In the beta decay, the f t value corresponding to GT transition from the initial state i of the parent nucleus to the final state f in the daughter nucleus is expressed as [43] 
where B(GT ) is the Gamow-Teller transition strength, and f A is the axial vector phase space factor that contains the lepton kinematics. In this work, we have calculated the phase space factor f A with parameters given by Wilkinson and Macefield [44] together with the correction factors given in Refs. [45, 46] . The f t values are very large, so they are defined in term of "logf t" values. The logf t is expressed as logf t= log 10 (f A t i→f ). The total half-life T 1/2 is related to the partial half-life as
where f runs over all the possible daughter states that are populated through GT transitions.
The partial half-life is related to the total half-life T 1/2 of the allowed β − -decay as
where, b r is called the branching ratio for the transition with partial half-life t i→f . The Gamow-Teller strength B(GT ) is calculated using the following expression:
The effective axial-vector coupling constant is calculated from g eff A = qg free A , where g free A = -1.260, and q is the quenching factor. The |i and |f are the initial and final state shell-model wave functions, respectively, here the τ ± refers to isospin operator for the β ± decay, for the β − -decay we use the convention τ − |n = |p , J i is the initial-state angular momentum.
Following Refs. [5, 7, 47] , we define
which is independent of the direction of the transitions. R(GT ) values are defined as
where the total strength W is defined by
Here g V (=1.00) is the vector coupling constant; N i (N f ), Z i (Z f ) are neutron and proton number of initial (final) states, respectively and J i (J f ) is the angular momentum of the initial (final) state. In the β − -decay the endpoint energy of the electron E 0 (in units of MeV) is an essential quantity to calculate the phase space factor f A . E 0 is given by the expression [5] 
where the Q is the β-decay Q value, and E i and E f are excitation energies of the initial and final states. Here, we have taken Q values from the experimental data [3] .
III. RESULTS AND DISCUSSIONS
In Table I we interactions. Their values are in the range of q =0.62-0.77. The value for USDB, q=0.77±0.02, is consistent with the one, q =0.764, obtained for the USDB by shell model in te sd-shell as reported in Ref. [48] . We have obtained the RMS deviation values 0.0469, 0.0440, 0.0541 and 0.0356 corresponding to IM-SRG, CCEI, CEFT and USDB interactions, respectively. We see that the RMS deviations for the ab initio and CEFT interactions are slightly higher than that for the USDB interaction. As a result, points of USDB in Fig.1 concentrate on the diagonal line.
We have plotted the experimental R(GT ) values with respect to the theoretical R(GT ) values for the sd shell nuclei in Fig.1 . In this figure there are some isolated points, e.g. around R(GT ) Expt = 0.3. This is because experimental M (GT ) value (expt. value of logf t ≥ 3.3) corresponding to transition 34 Si(0 + )→ 34 P(1 + ) is large as compared to theoretical value. This deviation is due to experimental uncertainty. When calculated and experimental R(GT ) values are the same, then these points will be on the diagonal line. The different sources of renormalization [49] [50] [51] [52] [53] affecting the values of g A depends on (i) missing configurations outside the sd-shell, (ii) nonnucleonic degree's of freedom such as ∆ 33 resonance, and (iii) many-body operators induced by unitary transformations in the ab initio method. In the shell model we need effective value of g A to reproduce experimental results. In our calculation corresponding to |g free A | = 1.26, we have obtained the value of |g eff A | as 0.97, 0.95, and 0.92 for USDB, IM-SRG, and CEFT interactions, respectively. These values are close to unity, however, the CCEI interaction gives 0.78 far from the unity. For further calculations, we have used the effective value of g A corresponding to different interactions.
In Fig. 2 we show the distribution of calculated logf t values with the experimental data for some β − -decays I: Experimental and theoretical M (GT) matrix elements. I β are the branching ratios. J π n and T π n are the spin-parity and isospin of the final states, respectively, where n distinguishes the states with the same J in order of energy. All other quantities are explained in the text. The experimental data have been taken from [1] . In Fig. 3 , we compare the theoretical and the experimental β-decay half-lives of sd shell nuclei. Here, we make some general comments on the half-lives. ( becomes large (a) when the discrepancy between the calculated and experimental B(GT ) is large, or (b) when the transition with the dominant branching ratio is different between the calculation and the experiment, or (c) when the Q value for the transition is small and the difference between the calculated and experimental excitation energies is large enough to lead to a substantial change of the phase space factor for the transition. In case of 22 O with IM-SRG, a large discrepancy comes from combined effects of (a) and (b). Nuclei in the island of inversion such as 32 Mg can not be well described for both the ab initio and phenomenological interactions due to the reason (a). 28 Mg discussed above corresponds to the case (c). (3) For isotopes with Z =10-13 (Z=14-15), there are one or two cases (or more cases) for each Z in which the calculated half-lives differ from the experimental ones by a factor more than 3 due to the reasons (a), (b) or (c) in case of IM-SRG and CCEI. In general calculated half-lives results for O, F, Ne, Na, Mg and Al are in reasonable agreement with the experimental data. The results of P isotopes are showing deviation with the experimental data. This might be due to missing of the pf orbitals in our calculations.
M(GT)
The phase space factor, which is estimated to be roughly proportional to (Q) 5 . For example in the case of 28 Mg(0 + ) → 28 Al(1 + ) transition, the excitation energies for the 1 + 1 state of 28 Al obtained for the interactions are smaller than the experimental one, E x =1.373 MeV, by 0.175, 0.571, 0.251 and 0.018 MeV for USDB, IM-SRG, CCEI and CEFT, respectively, which leads to an enhancement of the phase space factor by nearly 10 times for IM-SRG. Though the difference of the B(GT) values is within a range of a factor of about 3, large difference in the phase space factors leads to larger difference in the half-lives.
IV. SUMMARY AND CONCLUSIONS
In the present work we have performed shell model calculations using ab initio approaches along with interaction based on chiral effective field theory and phenomenological USDB interaction, and evaluated B(GT ), logf t values and half-lives for the sd shell nuclei. Since these ab initio effective interactions are developed using stateof-the-art approaches, our aim is to test the predicting power of these interactions for β − -decay properties.
We find that all the ab initio interactions as well as the fitted interaction based on chiral effective theory considered here need certain quenching of the GT strengths, as large as by 44-62%, as for the phenomenological USDB interaction.
The quenching factor can be attributed to (i) configurations outside the sd shell, (ii) induced effective Gamow-Teller operator due to the unitary transformation in the ab initio approach, and (iii) the intrinsic twobody Gamow-Teller operator connected with 3N interaction.
An effective value needs to be used for the weak axial coupling constant g A in the shell model calculation. In our calculation corresponding to |g free A | = 1.26, we have obtained the value of |g eff A | by chi-squared fitting as 0.95, 0.78, and 0.92 for IM-SRG, CCEI, and CEFT interactions, respectively, while it has been obtained as 0.97 for the USDB. We have also obtained the RMS deviation values 0.0469, 0.0440, 0.0541, and 0.0356 corresponding to IM-SRG, CCEI, CEFT and USDB interactions, respectively. The RMS deviations for the ab initio and CEFT interactions are slightly enhanced compared with the USDB interaction. Within the present framework of using the one-body operator with effective g A , the ab initio IM-SRG interaction can be considered as most favorable since both the quenching factor and the RMS deviation are close to those of the phenomenological USDB.
The calculated half-lives results for O, F, Ne, Na, Mg and Al are in reasonable agreement with the experimental data for the ab initio interactions. However, it is rather hard to reproduce both the transition strength and energy levels in nuclei such as 28 Ne and 32 Mg in the island of inversion.
In case of ab initio approaches, IM-SRG and CCEI, both the intrinsic and induced two-body operators can be constructed in principle, and the contributions from configurations outside the sd-shell can be reliably constrained. The quenching factors can become closer to unity with the inclusion of the two-body operators [54] . It would be also interesting to expand the configuration space outside the sd-shell so that we can treat nuclei in the island of inversion more appropriately.
